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Abstract. The giraffe (Giraffa camelopardis) is a wild ruminant of African origins and the tallest 
land mammal, with an evolution and morphological features unique in the animal kingdom. Kept in 
Europe only in zoological parks and circuses, it is a species rarely studied in our country. We have 
chosen to compare this exotic species to the cow, because this is the reference ruminant for veterinary 
anatomy, well studied both in our country and on an international level. One giraffe body and two 
cow skeletons were used to determine the anatomical differences between the cervical segments of 
the vertebral column in these two species. The body was processed in the Comparative Anatomy 
Laboratory of the Faculty of Veterinary Medicine of Cluj-Napoca, using the usual techniques for 
obtaining osseous pieces, and the cow skeletons belong to the Comparative Anatomy Museum of the 
aforementioned institution. The cervical vertebral segment shows major differences between the two 
species, corresponding to their respective ways of life. The main differences, with biomechanical 
consequences, were registered in the first two cervical vertebrae - atlas and axis, and in the last two 
cervical vertebrae - C6 and C7. The cervical spine in its entirety is much more elongated in the 
giraffe, compared to that of the cow and presents finer, less rugged surface elements. 
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INTRODUCTION 
 
Our study aims to describe the particular features of the cervical segment of the vertebral 
column in the giraffe, by comparing it to its counterpart in the cow, the reference ruminant 
species. Thus, we intend to add to the osteology database currently available on this wild species. 
The giraffe (Giraffa camelopardalis) is part of the family Giraffidae, which hosts only 
one other living species, the okapi. However, in the prehistoric period, this family was composed 
of a great variety of genera. The neck length has also known great variations along the timeline. 
According to Stevens, the early giraffes resembled prehistoric antelopes form Europe and Asia, 
30-50 million of years ago, and have progressed since then from one meter to three meters in 
height (Stevens, 1993). In the early Miocene, there was a stag-like giraffid, the Climacoceras, 
and in the middle Miocene there were Palaeotragus and Samotherium, two genera with an 
increased withers height and developed ossicones, like today’s giraffe, but still had shorter necks.  
The end of Pilocene saw a drastic reduction of the giraffids to only two remaining 
species (Prothero and Schoch, 2003). The remaining genus Giraffa, surviver from the Pliocene, contained 
a list of long-necked species, like the Jumae giraffa, some of which did not propagate to the modern era 
(Savage and Long, 1986). The modern giraffe is the tallest land animal due to its extremely long neck, 
which can represent half of its total height (Henderson and Naish, 2010). There are two main theories 
regarding this developement. One states that this evolution was due to the pressure of food 
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competition: the giraffe can graze on leaves up to 5 meters high, while other surrounding 
herbivores graze at maximum 2 meters high (Cameron and du Toit, 2007).  
Another theory states that the giraffe’s long neck is a secondary sexual trait, helping 
males to establish dominance over the fertile female population (Simmons and Altwegg, 2010). 
This hypothesis is supported by the fact that males have proportionally longer necks than females 
and the longer their neck, the greater their succes in attracting females in estrus (Pratt and 
Anderson, 1985). The main criticism of this theory is that it doesn’t explain why the females have 
similarly long necks (Mitchell et al., 2009).  
 
MATERIALS AND METHODS 
 
The research was carried out in the Comparative Anatomy Laboratory of the Faculty of 
Cluj-Napoca, using one giraffe body donated by a circus transiting through Cluj-Napoca and two 
bovine cervical skeletons from the ossuary of our department.  
The cervical segment of the giraffe body was obtained using common techniques. After 
preserving the body segments at -18°C, the soft tissues were mechanically removed from the 
sample. The osseous segment was thermically processed at a lower temperature than usual.  
This was decided due to the fact that the giraffe was under one year of age and thus the 
ossification processes of its skeleton were not fully complete.  
Surface-active agents and bleaching agents were also used to complete bone cleaning. 
Each giraffe cervical vertebra was examined parallel to its bovine corresponding segment and 
photographed. After processing the entire body, the skeleton of the giraffe was assembled. 
 
RESULTS AND DISCUSSIONS 
 
The giraffe shares the specific feature of mammal skeletons: the presence of seven 
cervical vertebrae, disregarding the neck lenght. The first two cervical vertebrae have unique 
shapes that ensure flexion, extention, lateral and rotating movements of the head on the neck, 
while the others five have similar shapes (Barone, 1966; Damian et al., 2001; Paştea et al., 1978). 
 
The atlas (C1) 
The atlas is the first cervical vertebra, connecting the head to the neck by articulation to 
the occipital bone. It has an inelar structure, the body being replaced by an inferior arch, with 
large transverse processes, shaped like wings. Is has two articulary surfaces, a cranial one for the 
occipital bone and a posterior one for the axis (Barone, 1966; Coţofan et al., 1999). 
The traits of the atlas of this giraffe specimen are smooth, reduced, wich in corelated to 
its age indicates that they are not fully formed, but even at this stage major diferences between 
the two species can be percieved. 
Both atlases present thich arches, but that of the giraffe has a pronounced cilindrical 
aspect, with the long axis bigger than the transveral axis (Fig.1 A1, B1). 
In the cow, both dorsal and ventral tubercles are prominent (Barone, 1966), with rough 
surfaces (Fig.1 A1, A2). In the giraffe, the dorsal tubercle is bigger, but smooth, and the ventral 
one is slightly elongated and rough (Fig.1 B1, B2). The alae atlantis are well developed in cows, 
slightly inclined ventrally, with reduced fossae atlantis (Fig.1 A1, A2). The giraffe has reduced 
alae atlantis, and the fossae are leveled out (Fig.1 B1, B2). 
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Bovines present two articular surfaces for the occipital condyles are ventrally delimited 
by well developped rugged edges (Fig.1 A3) (Barone, 1966). In the girafe, these articular 
surfaces are similar, but the edges are smooth (Fig.1 B3).  
 
A1 B1 
A2 B2 
A3 B3 
A4 B4 
 
Fig.1. The atlas: A - Cow, B - Giraffe; 1- dorsal view, 2 - ventral view, 3 - cranial view, 4 - caudal view. 
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The transverse foramen of the atlas is missing in both cows (Damian et al., 2001), and 
giraffes, and  in the latter species the alar foramen and lateral vetebral foramen are wider with a 
deeper and longer alar notch (Fig.1 A1, B1). 
 
A1 B1 
A2 B2 
A3 B3 
A4 B4 
 
Fig.2. The axis: A - Cow, B - Giraffe; 1- dorsal view, 2 - cranial view, 
 3 - caudal view, 4 - lateral view. 
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The axis (C2) 
The second cervical vertebra has a very well developed body with a prominent ventral 
edge. It forms a pivot joint with the atlas, through two articular surfaces flanking the dens 
(odontoid process), permitting rotary movements of the head and it articulates to the third 
cervical vertebra through a cotyloid fossa (Damian et al., 2001). The axis of the cow has a thich 
and short body with a sharp ventral ridge (Fig.2 A4) (Barone, 1966), while the body of the giraffe 
axis is very long (almost thrice as long) with a delicate ventral line (Fig.2 B4).  
Both bones present a semicilindrical dens of similar size, slightly raised from the 
longitudinal axis of the body, and the two flat articular surfaces for the third cervical vetebra are 
united into a single circular one arround the dens, placed transversally to the long axis of the bone 
(Fig.2 A1, B1, A2, B2).  The caudal cotyloid fossa is shallow in both species, almost flat, but in 
the giraffe is has a bigger surface with marked transversal corners (Fig.2 A3, B3). 
The spinous process of the cow axis is non divided,  straigth and slim, ending in a rought 
tubercle, followed by a sudden drop, without reaching the caudal articular processes (Fig.2 A1, 
A4) (Coţofan et al., 1999; Damian et al., 2001).  In the giraffe, the spinous process of the axis is 
similarly simple, smooth but is a lot longer, and it ends in a small tubercle, with a gentle decline 
(Fig.2 B1, B4).   The transverse processes of the axis  are small, low-placed, lachink a transversal 
foramen in both species. In the cow, the cranial notches of the arch are transformed into wholes 
(Fig.2 A4) (Barone, 1966) and the same transformation is found in the giraffe (Fig.2 B4). 
Starting with the 3rd, 4th and 5th cervical vertebrae, a structural pattern is set, that repeats 
itself in the following elements. These vertebrae have a well developed body with a ventral ridge 
ending in a tubercle, a big round articular head and a deep caudal cotyloid fossa. The dorsal 
processus is ussualy small, and the transversal processus are subdivided in tubercles. The arches 
present cranial and caudal articular processes participating to the stability of the cervical joints 
sustaining the weigth of the neck and of the head (Barone, 1966).  
 
The 3rd cervical vertebra (C3) 
 
In the cow, this vertebra is shorter that the axis but longer than the following ones, with 
a thick body, a long and and a big articular head (Fig3. A2) and a rounded cotyloid fossa (Fig.3 
A3). The ventral ridge is a prominent lamina with a caudo-ventral orientation (Fig.3 A4).  
In the giraffe, the body of this vertebra is again almost thrice as long, but still shorter 
than the corresponding axis (Fig3. B4). Its cotyloid fossa is flat and triangular (Fig.3 B3); the 
ventral rigde is poorly developed (Fig.3 B2, B3, B4). 
 The bovine dorsal processus is shaped into a rugged tubercle with a vertical orientation 
(Fig.3 A4), while the giraffe has a wide-based processus ending with a flat tubercle (Fig.3 B4).  
The cranial and caudal articular processes are prominent in both species, but cranial ones 
of the giraffe are bigger, separated from the arches by a clear neck, and surpass the length of the 
articular head (Fig.3 A1, A4, B1, B4). 
In cows, the transverse processes have the appearance of two blades with thickened 
rugged edges placed low with respect to the vertebral body (Fig.3 A4), whereas in the giraffe, the 
transverse processes are less developed, separated in a small blade cranially placed and ventro-
lateral oriented and a caudal crest leading to the main articular surface (Fig.3 B4). 
The transverse foramina in cows are well developed through the base of the vertebral 
arches (Fig3. A2, A4), but in the giraffe they are proportionally smaller and shorter, piercing the 
lower base of the cranial articular processes (Fig.3 B4). 
120 
 
A1 B1 
A2 B2 
A3 B3
A4 B4 
 
Fig.3. The 3rd cervical vertebra: A - Cow, B - Giraffe; 1- dorsal view, 2 - cranial view, 
 3 - caudal view, 4 - lateral view. 
The 4th cervical vertebra (C4) 
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The 4th cervical vertebra displays the same differences between cow and giraffe in terms 
of ventral ridge, articular processes, etc. Both species present shorter vertebral bodies than in the 
previous vertebra, but the difference is more noticeable in the cow (Fig.4 A2, B2). 
The giraffe’s 4th cervical vertebra maintains the previous characteristics of the dorsal and 
transverse processes (fig.4 B1, B2).  
In the cow, the former is still small, but cranio-dorsally inclined (Fig.4 A2). The latter is 
split into ventral tubercle at the tip of a cranio-ventral blade surpassing the articular head, and a 
dorsal tubercle laterally oriented and with a caudally placed base (Fig.4 A1, A2).  
 
 
A1 B1 
A2 B2 
 
Fig.4. The 4th cervical vertebra: A - Cow, B - Giraffe; 1- cranial view, 2 - lateral view. 
 
 
The 5th cervical vertebra (C5) 
 
This cervical vertebra copies the similarities and differences between the two studied 
species of the previous vertebra. Once again, the both bodies are shorter than the previous ones 
(Fig.5’ A2, B2).  The giraffe vertebra displays the same dorsal and transverse processes features 
(Fig.5,5’ B1, B2), while in the cow, the dorsal process is even taller than in the previous spinal 
element, and the ventral tubercle of the transverse processes ventrally elongated (Fig.5,5’ A1, A2). 
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A1 B1 
Fig.5. The 5th cervical vertebra: A - Cow, B - Giraffe; 1- cranial view. 
A2 B2 
 
Fig.5’. The 5th cervical vertebra: A - Cow, B - Giraffe; 2 - lateral view. 
 
 A1  B1 
 A2  B2 
Fig.6. The 6th cervical vertebra: A - Cow, B - Giraffe; 1- cranial view, 2 - lateral view. 
The 6th cervical vertebra (C6) 
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While in the giraffe, this vertebra does not present major structural changes, other than a 
visibly shortened, more compact, its modifications in the cow widens the gap between the two 
species.  The length of the 6th cervical vertebra in the cow is even more reduced than in the 
previous one, to the point that the ration between the two species at this point becomes 1:4 in 
favour of the giraffe (Fig.6 A2, B2). The articular processes in the cow become very close to one 
another, the transverse foramina are widened, the dorsal tubercle of the transverse process 
becomes a central based blade with a lateral orientation, and the ventral tubercle is transformed 
into a ventral blade as wide as the length of the whole vertebra (Fig.6 A1, A2). All these changes 
give the 6th cervical vertebra of the giraffe a more massif appearance (Fig.6 B1, B2). 
 
The 7th cervical vertebra (C7) 
 
The last cervical vertebra also presents important differences between the two species. 
In the giraffe, this vertebra is the shortest of the seven, while retaining the main features 
previously described. Its dorsal process has a smaller base than in the other ones, but it retains the 
same height (Fig.7 B1). The transverse process gains a lateral small blade with rough edges 
perpendicularly placed on the middle of the vetebra’s body. It is transperced by the transverse 
foramen, which is still present like in all the other cervical vertebrae of this species (Fig.7 B2). 
The cow’s 7th vertebra makes the transition towards the thoracic vertebrae: the body is 
short, it caudally presents two facets for the heads of the first pair of ribs (Fig.7 A2), the dorsal 
process is very high, the transverse processes simplified into two lateral tuberal masses (Fig.7 
A1, A2) (Barone, 1966). The transverse foramina disappear completely (Fig.7 A1). 
 
A1 B1 
A2 B2 
 
Fig.7. The 7th cervical vertebra: A - Cow, B - Giraffe; 1- cranial view, 2 - lateral view. 
CONCLUSIONS 
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Based on the compilation of data obtained through this study, we have formulated the 
following conclusions:Compared to the cow, the giraffe’s atlas was a pronounced ring shape, 
with very reduced allae and a the longitudinal axis longer than the transverse one.  
The giraffe axis has a longitudinal length almost three times longer than that of the cow, 
even in this immature specimen. There is only one semicircular flat articular surface for the atlas. 
The dorsal process is singular, very long, thin and delicate.  The next cervical vetebrae from C3 to 
C6 are circa three or four times longer than those of the cow, and have all much lower dorsal 
processes. Compared to the variations of the features of the transverse processes of C3-C6, in the 
giraffe they are all divided into two processes, placed low against the vertebral body. The anterior 
tubercle is shaped into a thin lamina with a ventro-lateral oblique orientation. The posterior 
tubercle is shaped into a crest that is prolonged up to the level of the caudal articular surface.    
The cranial and caudal articular processes of the C3-C6 giraffe vertebrae are separated 
from the vertebral arches by well developed necks, especially the cranial ones. Compared to the 
cow, the transverse foramina are present in the giraffe from C3 up to  and including C7.  C7 of the 
giraffe is much narrower than the other cervical vertebrae, and its transverse processes are divided 
into three elements, by developing an osseous lamina placed laterally of the vertebral body. 
However, it maintains the shape and features of its predecessors. On the other hand, in the cow, C7 
borrows more features from thoracic vertebrae, clearly making the passage to this segment.  
The great length of the cervical vertebrae in the giraffe, the strong mesh due to the well-
developed articular processes, offer strong support of the weight of the muscle mass and of the 
head, even from an early age. The features of the articular heads and of the caudal articular 
surfaces convey a great flexibility to the head in regard to the neck and to the neck on the whole. 
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